Many recent studies in the field of mathematics and science education have been studying the effect of non-cognitive factors in students' achievement such as emotions, attitudes, values, beliefs, motivation, anxiety and grit. For example, attitude has been an important area in science education, and there have been many attempts to measure students attitudes to understand why they prefer a specific science subject (Reid; 2006) . Zimmerman and Brogan (2015) stated that 'grit predicts successful performance in a variety of contexts and found to be positively correlated with undergraduate grade average.' Unfortunately, there are very few attempts if any have been studying the effect of grit on students' academic achievement in Bahrain. Bahrain is an important economic sector in the Arabic Gulf region; it has very ambitious and competitive developing economical and educational vision. This study aims to find relationships between students' level of grit and attitudes toward mathematics and science and the academic achievements in Bahrain secondary schools. 'Grit questionnaire' was adapted from Duckworth et al. (2007), and was administered to a total of 646 secondary school students. 'Attitudes toward mathematics' questionnaire was adapted from TIMSS (2011), and administered to a total of 349 secondary school students. 'Attitudes toward science' questionnaire was adapted from TIMSS (2011), and administered to a total of 297 secondary school students. The results showed that grit is positively and significantly correlated to academic achievement in math only, while attitudes towards math and science was positively and significantly correlated to academic achievement in both subjects.
approach learning may be as critical as what they learn is resonating with educators.
Furthermore, these highlights and descriptions of the importance of grit and attitude in success in mathematics and science was the reason for conducting this study among the students in Bahrain schools. Findings from this study will be helpful tool to teachers, curriculum developers and parents to understand the importance of grit and attitude in mathematics and science education to find ways to improve students' performance.
Literature Review
Numerous studies in science education investigated the factors influence academic achievement. Most of these studies concentrate on cognitive factors, but recent studies started to address the importance of the non-cognitive factors in academic success. Tsereteli et al. (2010) investigated the relationship between factors like sense of success with parents' involvement in school life, class climate, and school culture. They administered a questionnaire to 5385 students (age 15-16) and found that some of the best predictors for the sense of success in school environment were non-cognitive factors like parent learning attitudes, involvement and belief of child's success and finally teachers teaching style.
In a study for Tough (2012) , he explains that non-cognitive skills such as the grit could be more important than the cognitive skills to determine how successful the student could be in school and throughout life. He also found that students who can't overcome their life stress and turmoil often struggle in schools. Tough also explains as cited by Bengtson (2013) 'the development of character, grit, and curiosity are as important, if not more so as the narrow range of cognitive skills. ' Sommerfeld (2011) stated that other than the traditional measures (GPA and standardized test scores) of college readiness, a new consideration of non-cognitive factors started to mark a significant discussion of college success.
In 2012, Diaz et al. (2012) surveyed a sample of age 14-50 in Peru. They used the five factors model of personality traits and the Grit personality trait. Their results confirm that both socio-emotional and cognitive skills are valued equally, and they are both important correlates of earnings. Culina et al. (2014) did two cross-sectional studies; they found that grit demonstrated associations with engagement, meaning, and pleasure. They explained that pursuing engagement was more strongly associated with the perseverance of effort, whereas pursuing pleasure was more strongly (inversely) associated with consistency of interests over time. Their findings were also suggesting that what makes individuals happy depends on their differences in grit. This study can help educators to look to passion as a tool for building students' long-term goals. Wallace (2010) presented a paper at the Australian Council for Adult Literacy Conference which draws a study that explores concepts illuminate the learning process; he concluded that engagement with concepts like grit might assist in developing transformed practice. Burtner (2005) found that non-cognitive factors like perception, confidence, and expectations found to be significant predictors of persistence in engineering.
Chris Gabrieli as cited by Sparks (2015) mentioned that having the proper tool to know which things are working and which things are not is as important as working on non-cognitive factors. Sparks mentioned that is why researchers from Educational Testing Service are testing different variations of non-cognitive factors questions, as they did with 140 students in grades 4, 8, and 12 from a three-state area around Columbia. For example, fourth-grade students did not know what "committed to goals" or "experiencing failure" meant. As a result, the researchers changed the questions to be "continue to work toward my goals" and "making mistakes." These small changes in phrasing questions can change the results to better understand students' answers. They also found that students in all grades showed no difference in how they rated themselves on questions that asked them about their mindset in different contexts. Gardner (1995) cited a good example of an instrument developed by Coulson (1992) for measuring the attitudes towards science. Her instrument consisted of four scales, assessing students' confidence in doing science, their enjoyment of science at school, and their feelings about the personal usefulness of doing science, and their evaluation of the appropriateness of science for young children. Each dimension was measured separately with an 8-item Likert scale. Researchers agree with Gardner suggestion of using similar procedures for studying attitudes to science to get better research quality. Osborne et al. (2003) reviewed the major literature about attitudes to science over the past 20 years; they argued that there is a greater need for research to identify the aspects of science teaching, classroom environment and activities which motivate students, raise their interest and make school math and science more engaging for students. So the teacher should encourage students to maintain their grit to be successful in their future careers. Pajares (2002) suggested that parents and teachers should convey the message that academic success is a matter of desire, effort, and commitment. ies.ccsenet.org International Education Studies Vol. 11, No. 2; Rojas (2015) studied two sample groups of undergraduate students; he used Grit Scale survey to explore the relationships between creativity, perseverance, motivation, and achievement. He found that grit had a correlated two-factor structure reflecting interest and effort; there also was evidence that grit can mediate the relationships between motivation and grades. Diaz et al. (2012) conducted a study in Peru to measure both cognitive (ex: Vocabulary, verbal fluency, and numeracy/problem-solving). And non-cognitive (socio-emotional) skills by using the (Big-five Factors; Grit- Duckworth et al. 2009 ). Their finding showed that both the non-cognitive and cognitive skills were equally valued and they are both important correlates of earnings.
Non-cognitive factors not only affect students, but it can also determine teacher effectiveness which directly can affect students' achievement. In 2009, Duckworth and others made a study among 390 teachers in public schools, which completed measures of optimistic explanatory style, grit, and life satisfaction. Their study findings showed that grit and life satisfaction were significant predictors. They suggested that positive traits should be considered when selecting teachers. They also found more educated adults were higher in grit than were less educated adults of equal age. Also, their findings suggested that the achievement of difficult goals entails not only talent but also the sustained and focused application of talent over time.
Research Aims
This study aims to determine the following:
Identify students' level of grit, attitudes towards mathematics, and attitudes towards science.
Find any relationships between students' level of grit, and their level of academic achievement.
Find any relationships between students' attitudes toward mathematics and their level of academic achievement in the target subject.
Find any relationships between students' attitudes toward science and their level of academic achievement in the target subject.
Research Method
This is a descriptive approach research design. The focus of this study is to investigate if there is any correlation between grit and attitudes and students' achievement in math and science. It used a quantitative approach method which is the questionnaire. 'Grit questionnaire' consisted of 12 items was adapted from Duckworth et al. (2007) and translated into Arabic. 5-Items Likert scale was used in this questionnaire focusing on the five responses: very much like me, mostly like me, somewhat like me, not much like me, not like me at all.
Also, attitudes toward mathematics questionnaire (Mathematics and students) items only and attitudes toward science questionnaire (Science and students) items only were adapted from TIMSS (2011) and translated into Arabic. Attitudes towards mathematics questionnaires consisted of 20 items, similarly attitudes towards science questionnaire consisted also of 20 items. Both questionnaires focused on three categories: students like learning mathematics/science 5 items, students' value mathematics/science 6 items, and students confident in mathematics/science 9 items. These questionnaires offered a choice of 4 responses: agree a lot, agree a little, disagree a little, and disagree. This scale allows the students to express how much they agree or disagree on a particular statement.
Cronbach's Alpha reliability of Grit questionnaire was tested and found to be 0.629 which is acceptable. The overall 20 item mathematics questionnaire has the reliability of 0.827 and considers a high reliability. The individual scales liking mathematics, valuing mathematics and confidence in mathematics also has high reliability ranging from 0.810 to 0.889. The overall 20 item science questionnaire has the reliability of 0.958 and considers a high reliability. The individual scales liking science, valuing science and confidence in science also has high reliability ranging from 0.810 to 0.889.
A total of 646 students from secondary schools in Bahrain participated in the study.
Data Analysis
Data were analyzed using SPSS. Descriptive analysis on items in each questionnaire was performed. The following equation was used to interpret the data from the questionnaires: The following sections report the results. Table 2 shows that arithmetic mean of math students' responses to the instrument was (3.58) which is high. Arithmetic mean of math students' responses was between (4.08) and (2.94) for grit items, which means that math students were showing high to moderate grit level.
Descriptive Statistics for the Grit Questionnaire
While arithmetic mean of science students' responses to the instrument was (3.58) which is high. Arithmetic mean of science students' responses was between (4.17) and (3.01) for grit items which means that science students were also showing high to moderate grit level.
Arithmetic mean of total math & science students' responses was (3.58), which means students grit in both math and science was high. While the highest arithmetic mean for both math and science was for the item 'I am diligent' which means students believe that they are doing their best work. The lowest arithmetic mean also for both math and science was for the item 'I have been obsessed with a certain idea or project for a short time but later lost interest' which was surprising especially that they are different groups of students. That mean students don't have enough grit to continue a project that required long time. Table 3 shows that arithmetic mean of the responses to the instrument was (2.94) for Liking mathematics items, and (3.14) for Valuing mathematics items, and (2.90) for Confidence in mathematics items. All items showed a moderate level, which means students showed moderate level of attitude towards mathematics. All these items need to be addressed since they could be important factors affecting the achievement negatively if not addressed carefully. Table 4 shows that the highest arithmetic mean of the responses to the instrument was (3.53) for the item 'It is important to do well in mathematics' which means that students can at least see the importance of math in their academic life. The lowest arithmetic mean of the responses to the instrument was (2.05) for the item 'Mathematics is harder for me than any other subject' which means around 41% of students feel that math is one of the hardest subjects that they have in school. Table 6 shows that arithmetic mean of the responses to the instrument was (2.79) for Students like learning science items and (2.70) for Students confident in science items. These two categories items showed a moderate level. While Students value science items' arithmetic mean was (3.25) which is a high level. Again as we said in Mathematics and students' items, all these results need to be addressed carefully since they could be important factors affecting achievement negatively. Table 7 shows that the highest arithmetic mean of the responses to the instrument was (3.59) for the item 'I need to do well in science to get into the university' which means that students can see the importance of doing well in science, as the study results mentioned earlier, students really value the science and believe it is important to them. The lowest arithmetic mean of the responses to the instrument was (1.98) for the item 'Science is harder for me than any other subject' which means around 40% of the students feel that science is one of the hardest subjects that they have in school. Table 8 shows the correlations between grit scores, and science attitudes; and science academic achievement.
Descriptive Statistics for the Attitudes toward Mathematics Questionnaire

Correlations among Grit, Attitudes toward Math, and Academic Achievement
Descriptive Statistics for Attitudes toward Science Questionnaire
From the table we found that there is no significant correlation between grit and academic achievement in science. But we found that attitudes to science categories liking science, valuing science, and confidence in science are positively and significantly correlated to science academic achievement.
Suggestions and Conclusion
This study was attempted to find if relationships exist between grit, and math and science achievement; between attitude toward mathematics, and math achievement; and finally between attitude toward science and science achievement. As mentioned in the data analysis earlier, attitude showed a positive correlation with math and science achievement. Which mean student attitudes toward mathematics and science is important to be successful in these subjects. Similar results were found in Chiesi and Primi study in 2010; they found that pre-course attitudes were directly linked to anxiety and negative attitudes which yielded to low performance. Results also showed that grit was positively and significantly correlated to academic achievement in mathematics, but did not show a significant correlation with academic achievement in science.
The study results could have a very important influence if considered while teaching mathematics and science to students. Countries of developing economic sectors like gulf region countries especially Bahrain, makes huge effort to develop education. The ministry of education in Bahrain made lots of projects to develop students teaching and learning especially in mathematics, so this study can help in pointing out other important factors like the no-cognitive factors to be considered in future curriculum development. Similar results also were found in (Adebayo, 2008) where he studied the effect of two non-cognitive variables (self-appraisal and understanding racism) on achievement and found that they influenced students' academic success. According to his results, he recommended a new admission selection index to be developed based on these non-cognitive factors.
Mathematics and science are important subjects to achieve the 21st century skills, which put more pressure on these subject teachers and curriculum developers to find ways to teach in creative ways and use examples that are practical and familiar to students instead of abstract problems which can cause anxiety than failure to understand the subjects and finally low performance. Also, it means that teachers should make the students take an interest in these subjects, to build a good attitude towards them, especially that results showed that some students feel that science and mathematics are boring and difficult subjects. Finally, more research about how the non-cognitive factors can affect math and science performance needed to improve these subjects' outcomes in the country.
